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[57] ABSTRACT

Glycerol derivatives of the formula

=11 I

R! RZ2 RS

wherein one of the residues R!, R2and R3is a group U
of the formula OY! or —X!—CO—(A),—Z!, another
residue is a group V of the formula OY? or —X-
2—CO—(A2),—Z2, and the remaining residue is a
group W of the formula —X3T—(Cy6-alkylene)-N+R
A— in which one of X!, X2and X3is oxygen or NQ! and
the other two are oxygen and the remaining symbols
have the significance given below, and their hydrates
are described and are prepared by introducing or gener-
ating the residues R!, R? and R3 in corresponding glyc-
erol derivatives.

The compounds of formula I are active as inhibitors of
blood platelet activating factor or as inhibitors of the

erowth of tumors.

12 Claims, No Drawings
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1
GLYCEROL DERIVATIVES

BRIEF SUMMARY OF THE INVENTION

The present invention relates to glycerol derivatives,
a process for their preparation and medicaments based
on these glycerol derivatives.

The glycerol derivatives of the invention are charac-
terized by the formula

1 :

Rl RZ R3
wherein

one of the residues R!, R2 and R3is a group U of the
formula OY! or —X!—CO—(A),—2Z1, another resi-

due is a group V of the formula OY? or —X-

2—CO—(A2),—Z2, and the remaining residue is a
group W of the formula —X3T—(C3.6-
alkylene)——N+R A.— in which one of X!, X2 and X3
is oxygen or a group NQ! and the other two are oxy-
gen,

Y!is Cjp-26-alkyl or Cio. »6-alkenyl,

Y? is Cje-alkyl, Cj.¢-alkenyl, Cji.- Cycloalkyl Cs.6-
cycloalkenyl, phenyl, benzyl or 2-tetrahydropyranyl,

Al and A2 are oxygen or a group NQ?,

n; and p are the integer 1 or O,

Z! is Cg.5-alkyl or Co.p5-alkenyl,

Z2is Cj.s-alkyl, C;.s-alkenyl, phenyl or, when AZis not
oxygen, Z2 is also hydrogen,

T is carbonyl, COO or CONQ? or, when X3 is oxygen,
T is also methylene,

Ql, Q2 and Q3 are hydrogen, Ci.4-alkyl,

Cs.¢-cycloalkyl or phenyl, A— is the anion of a strong
acid, —N+R is a group —N+(Y3,Y4,Y?) or, when at
least one of X1, X2, X3, Al, A2and T contains a sub-
stituted N-atom, —N*R is also a 5- or 6-membered
aromatic group attached to the quaternary mtrogen,
optionally with an additional hetero atom O, S or N,
optionally with fused benzene and optionally mono-
substituted by alkyl or alkoxy with up to 4 C-atoms,
hydroxy, nitro, carbamoyl or ureido, Y3 and Y*# are
C.¢-alkyl or taken together are Ci.¢-alkylene, and Y>
is Ci.g-alkyl, with the proviso that R? contains the
group OCOO or a substituted N-atom when simulta-
neously R!is a group OY! or OY2 and R3 is a group
W in which X3 is oxygen and T is methylene or car-
bonyl, and their hydrates.

DETAILED DESCRIPTION OF THE
INVENTION

The glycerol derivatives of the invention are charac-
terized by the formula

R! R? RS

wherein

one of the residues R}, R? and R3is a group U of the
formula OY!or —X1—CO—(A),—Z1, another resi-
due is a group V of the formula OY? or —X-
2—CO—(A?2),—Z2, and the remaining residue is a
group W of the formula —X3T-—(Ca.6-
alkylene)—N+R A~ in which one of X!, X2 and X3
is oxygen or a group NQI and the other two are oxy-

gen,
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2

Y!is Cio.26-alkyl or Cip-26-alkenyl,

Y? is Ci-alkyl, Cis-alkenyl, Cj.¢-cycloalkyl, Cs.6-
cycloalkenyl, phenyl, benzy! or 2-tetrahydropyranyl,

Al and A2 are oxygen or a group NQ?,

n and p are the integer 1 or O,

Z!is Coas-alkyl or Cq.35-alkenyl,

Z2is Ci.s-alkyl, C;y.5-alkenyl, phenyl or, When AZis not
oxygen, Z4 is also hydrogen,

T is carbonyl, COO or CONQ? or, when X3 is oxygen,

T is also methylene,

Q!, Q2 and Q3 are hydrogen, Ci.4-alkyl,
Cs.s-cycloalkyl or phenyl, A— is the anion of a strong
acid, —N+R is a group —N+(Y3,Y4Y>) or, when at
least one of X1, X2, X3, Al, AZ2and T contains a substi-
tuted N-atom, —N 1R is also a 5- or 6-membered aro-
matic group attached to the quaternary nitrogen, op-
tionally with an additional hetero atom O, S or N, op-
tionally with fused benzene and optionally mono-sub-
stituted by alkyl or alkoxy with up to 4 C-atoms, hy-
droxy, nitro, carbamoyl or ureido. Y3 and Y* are C.6-
alkyl or taken together are Cs.¢-alkylene, and Y>is Ci.¢-
alkyl, with the proviso that R? contains the group
OCOQ or a substituted N-atom when simultaneously
Rlis a group OY!or OY2and R’is a group W in which
X3 is oxygen and T is methylene or carbonyl, and their
hydrates.

The terms “alkyl” and “alkenyl” used herein denote
straight-chain or branched, saturated and mono-
unsaturated residues, respectively, such as methyl,
ethyl, propyl, isopropyl, 2-propenyl, butyl, isobutyl,
hexadecyl, heptadecyl, octadecyl and octadecenyl, es-
pecially methyl and octadecyl. Examples of Csi.e-
cycloalkyl residues are cyclopropyl and cyclohexyl,
examples of Cs.-cyclo-alkenyl residues are 2-
cyclopentenyl and especially 2-cyclohexenyl, Cy-¢-alky-
lene groups can be straight-chain or branched. Exam-
ples thereof are n-butylene, 2-methylpropylene; prefera-
bly ethylene and propylene. Examples of residues
—N+(Y3,Y4,Y5) are 1-methylpiperidinium and trimeth-
ylammonium. Examples of heterocyclic groups N+tR
are oxazolium, isoxazolium, pyridinium, pyridazinium,
quinolinium, isoquinolinium,; preferably N-
methylimidazolium and thiazolium.

Examples of anions of strong organic or inorganic
acids are Cj.4-alkylsulfonyloxy, phenylsuifonyioxy,
tosyloxy, camphor-10-sulfonyloxy or Cl—, Br—, I,
ClO4—, SO4——, POy and NO3—.

The compounds of formula I can be hydrated. The
hydration can take place in the course of the manu-
facturing process or can occur gradually as a result of
hygroscopic properties of an initially anhydrous com-
pound of formula I.

The compounds of formula I contain at least one
asymmetric C-atom and can accordingly exist as opti-
cally active enantiomers, as diastereomers or as mix-
tures thereof, for example, as racemates.

Preferred compounds of formula I are those 1n which
R!is a group U, R2is a group V and R3is a group W.

Still more preferred compounds of formula I are
those in which R! is octadecanoyloxy, octadecylcar-
bamoyloxy, octadecyloxy, octadecyloxyformamido,
N-lsopmpyloctadecyloxyformamﬁo or l-isopropyl-3-
octadecylureido and/or R? is acetamido, methoxyfor-
mamido, methoxy, methyl- carbamoyloxy or methox-
ycarbonyloxy and/or R3 is [4-(trimethylammonio)-n-
butyryloxy]chloride, [2-(1-methylpiperidinio)ethox-
ycarbonyloxy]chloride, [4-(3-thiazolio)-n- -butoxy]bro-
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mide, [4-(trimethylammonio)-n-butoxylbromide or [4-
(3-methyl-imidazolio)-n-butoxy]bromide.

The compounds of formula I and their hydrates can
be prepared by

(a) reacting a compound of the formula

II

11

R4 R5 R

wherein the residues R4, R’ and R®have the same signif-
icance as the residues R!, R? and R3, respectively, but
with the proviso that a leaving group is present in group
W in place of the residue —N+R A —, with an amine of
the formula NR, corresponding to the group —N+R as
previously described, or

(b) reacting a compound of the formula

11

R7 R RO

i1

10

15

20

wherein the residues R7, R8and R have the same signif-

icance as the residues R!, R? and RJ, respectively, but
with the proviso that a hydroxy group or an amino
group is present in place of one of the groups U and V,
with an acid of the formula

zl—(AH,—COOH IVa
or
Z*—(A%),—COOH IVb

or a reactive derivative thereof, or with an isocyanate of
the formula |

ZINCO Va
or
Z2NCO s Vb
or an imidazolide of the formula
N~ N
ZIN(H)C(O)N N or ZAN(H)C(ON N
Via \=/ VIb \=.-:/
DS Or
(c) reacting a compound of the formula
VIl

11

RO1 R02 RO3

wherein RY1, RY2 and R have the same significance as
the residues R1, R? and R3, respectively, but with the
proviso that a group —N(Y?3,Y4) is present in group W
in place of the group —N+R A—, with a Cj.¢-alkyl
halide, wherein R}, R%, R3, —N+R, A—, U, V, W, Z1,
Z2, Al, A2 Y3, Y4, n and p are as previously described.

Examples of leaving groups present in the com-
pounds of formula II are chlorine, bromine, iodine,
mesyloxy, phenylsulfonyloxy and tosyloxy. The reac-
tion of a compound II with an amine NR can be carried
out in a known manner, for example, at a temperature
up to the reflux temperature of the reaction mixture,
conveniently at about 80° C., optionally in a solvent
such as acetonitrile, nitromethane or an aromatic hydro-
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carbon, for example, toluene or benzene, or in tetrahy-
drofuran.

Examples of reactive derivatives of the acids of for-
mula IVa or IVb are acid bromides or acid chlondes
and anhydrides. The reaction of such an acid or of one
of its reactive derivatives with a compound of formula
III can be carried out in a known manner. An acid
chloride or acid bromide can be reacted with the com-
pound III in the presence of a base at a temperature of
about 0° to 80° C. An anhydride can be reacted with the
compound III in the presence of a catalyst such as dime-
thylaminopyridine, conveniently in a solvent. Haloge-
nated hydrocarbons such as chloroform or dichloroeth-
ane can be used as solvents and organic bases such as
triethylamine, quinoline or pyridine or inorganic bases
such as alkali or alkaline earth metal hydroxides, car-
bonates or bicarbonates, for example, sodium carbonate,
potassium bicarbonate and calcium carbonate, can be
used as bases.

The reaction of a compound of formula III with an
isocyanate of formula Va and Vb or with a correspond-
ing imidazolide of formula VIa or VIb can be carried
out in a solvent such as chloroform, acetone or dimeth-
yiformamide at a temperature between about 0° and
100° C., preferably at about 40°-60° C., conveniently in
the presence of a catalyst such as a Lewis base, for
example, triethylamine or diisopropylethylamine. If
desired, the reaction can also be carried out without the
addition of a solvent.

The reaction of an amine of formula VII with a Cy-
alkyl halide can be carried out in a known manner, for
example, in a solvent such as dichloromethane or chio-
roform, at a temperature between room temperature
and 50° C., preferably at room temperature. The 10dide
form is preferably used as the halide. *

The compounds of formula II can be prepared from
compounds of formula IX or X and the compounds of

formula III can be prepared from compounds of for-
mula VIII according to the following Reaction
Scheme:

I1

11

R4 RS R6 RIO R?.O R30
X
R14 R15 R14
IX \ Xi
RI1l Rri2 R13 é Rl‘? RI18 RI9

In the compounds of formula VIII the residues R19,
R20 and R30 have the same significance as the residues
Rl, R2 and R3, but with the proviso that an optionally
protected hydroxy or amino group or an azido group is
present in place of one of the groups U and V.

In the compounds of formula IX the residues Rll,
R12 and R13 have the same significance as the residues
Rl, R2 and R3, but with the proviso that an optionally
protected hydroxy or amino group or an azido group Is
present in place of the group W.

In the compounds of formula X one of the residues
R14 R15and R!6is an optionally protected hydroxy or
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amino group or an azido group, another residue is a
group U or V and the remaining residue is a group W in
which a leaving group is present in place of —NTR
A—.

In the compounds of formula XI one of the residues
R!7, R1% and R1%is an optionally protected hydroxy or
amino group or an azido group, another residue 1s an

optionally protected hydroxy group and the remaining
residue is a group U or V.

Examples of protected hydroxy and amino groups are
ether groups such as benzyloxy, trityloxy or 2-tetrahy-
dropyranyloxy, and succinimide, phthalimide, ben-
zyloxycarbonylamino or t-butoxycarbonylamino, re-

spectively.

For the preparation of a compound of formula II, a

compound of formula IX in which, for example, R1? is
hydroxy can be reacted with a halide of the formula
Hal-T-(C3-¢-alkylene)-G, wherein G 1s a leaving group,
Hal is a halogen atom and T is as previously described,
in the presence of a base such as pyridine or with an
isocyanate of the formula O=—C=N-(C;-¢-alkylene)-G.

Alternatively, a compound of formula X in which,
for example, R14is hydroxy can be converted into the
corresponding compound of formula II in which R*is a
group U or V, which can be carried out in the same
manner as the conversion of a compound III into a
compound I described above. Analogously, a com-
pound of formula XI in which, for example, R!7is hy-
droxy and R19is a protected hydroxy or amino can be
converted into the corresponding compound of formula
IX in which Rilis a group U or V. |

An azido group or a protected hydroxy or amino
group, for example, R13, present in a compound of for-
mula IX can be converted into the free hydroxy or
amino group in a known manner. A benzyl group can be
cleaved by hydrogenolysis, for example, over palia-
dium, a trityl group can be cleaved by means of trifluo-
roacetic acid or dilute hydrochloric acid and a 2-tet-
rahydropyranyl group can be cleaved by means of di-
lute acid. An azido group can be converted into the
amino group with a complex metal hydride such as
lithium aluminum hydride or by means of hydrogen/-
Palladium carbon. Analogously, an azido group oOr 2
protected hydroxy or amino group present in a com-
pound formula VIII, X or XI can be converted into the
free hydroxy or amino group. In this manner, a com-
pound of formula VIII in which, for example, RI0is a
protected hydroxy or amino group is converted into the
corresponding compound of formula III in which R7is
hydroxy.

For the preparation of a compound of formula X
wherein, for example, R0 is a group W in which a
leaving group is present in place of —NR+A—, the
corresponding compound of formula XI in which RV is
hydroxy can be treated in the same manner as described
above for the conversion of a compound IX into a com-
pound of formula IL.

The conversion of a compound of formula X into a
compound of formula VIII can be carried out in the
same manner as the conversion of a compound II into a
compound 1.

A compound of formula VII can be prepared starting
from the corresponding compound of formula IX in
which the residues R!l, R12 and R13 have the same
significance as the residues R!, RZ and RJ, but with the
proviso that a hydroxy or amino group is present in
place of the group W. Thus, a compound of formula IX
in which, for example, R13 is hydroxy can be reacted 1n
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6

a solvent such as dichloromethane with phosgene in
toluene and subsequently with the alcohol of the for-
mula HO-(C;.¢-alkylene)-N(Y3,Y4), wherein Y3 and Y*
have the above significance, for example, with 1-(2-
hydroxyethyl)-piperidine, to give the corresponding
compound of formula VII in which the residue X°T in
the group W is a OCOO grouping.

The compounds of formula II in which one of the
residues R4, R5 and RO contains an amino group X!, X2
or X3 can also be prepared starting from a compound of
the formula

1.1

R4l Rﬁl Rﬁl

X11

wherein one of the residues R4, R51 and R%lis a group
N(H,Q), another residue is a hydroxy group and the
remaining residue is, for example, a group O-(Ca.¢-
alkylene)-G’, wherein Q has the same significance as Q!,
Q2 or Q3 and G’ is a protected hydroxy group such as
trityloxy or benzyloxy. The preparation of the com-
pounds XII and their conversion into compounds of
formula II can be carried out in a known manner, for
example, as described in Examples SA. and 7A.

The compounds of formulas II, III and VI also
form part of the invention.

The compounds of formula I and their hydrates in-
hibit blood platelet activating factor (PAF) and can
accordingly be used in the control or prevention of
illnesses such as thrombosis, apoplexy, heart infarct,
angina pectoris, high blood pressure and bronchial
asthma caused by allergy, and as well as antinilam-
matories and antirheumatics. Further, the compounds
of formula I and their hydrates have an inhibitory activ-
ity on the growth of tumor cells and can accordingly be
used as antitumour agents.

The inhibitory activity on PAF can be demonstrated
as follows:

Platelet-rich plasma (PRP) is prepared by centrifuga-
tion of rabbit blood containing 1/10 volumes of 90 mM
trisodium citrate. The aggregation of the blood platelets
is measured with the aid of an aggregometer at 37" C.
while stirring. 2 minutes after the addition of the test
sub- stance to the PRP the platelet aggregation is trig-
gered off by a sub-maximum dosage of PAF (4 nM).
The ICsp value (uM) given in the following Table cor-
responds to that concentration of the test substance
which reduces to a half the aggregation of the blood
platelets brought about by PAF.

M
Product of
Example: 1 2 3 4 5 6 7 8 9

ICso(uM) 5.5 18 4 1.8 004 05 005 04 006

M

As mentioned earlier, medicaments containing a com-
pound of formula I or a hydrate thereof are likewise an
object of the present invention, as is a process for the
preparation of such medicaments, which process com-
prises bringing one or more compounds of formula I or
a hydrate thereof and, if desired, one or more other
therapeutically valuable substances, into a galenical
form.

The medicaments can be administered enterally, for
example, orally in the form of tablets, coated tablets,
dragees, hard and soft gelatine capsules, solutions,
emulsions or suspensions, or rectally, for example, in the
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form of suppositories, or as a spray. The administration
can, however, also be carried out parenterally, for ex-
ample, in the form of injection solutions.

For the preparation of tablets, coated tablets, dragees
and hard gelatine capsules, the active substance can be
mixed with pharmaceutically inert, inorganic or organic
excipients. As such excipients there can be used for

tablets, dragees and hard gelatine capsules, for example,

lactose, maize starch or derivatives thereof; talc, stearic
acid or its salts. For soft gelatine capsules, suitable as
excipients are, for example, vegetable oils, waxes, fats,
semi-solid and liquid polyols; depending on the nature
of the active substance no excipients are, how ever,
generally required in the case of soft gelatine capsules.
For the preparation of solutions and syrups, suitable as
excipients are, for example, water, polyols, saccharose,
invert sugar and glucose. For injection solutions, suit-
able as excipients are, for example, water, alcohols,
polyols, glycerine and vegetable oils. For suppositories,
suitable as excipients are, for example, natural or hard-
ened oils, waxes, fats and semi-liquid or liquid polyols.

The pharmaceutical preparations can contatn, in ad-
dition, preservatives, solublizers, stabilizing agents,
wetting agents, emulsifying agents, sweetening agents,
coloring agents, flavoring agents, salts for varying the
osmotic pressure, buffers, coating agents or antioxi-
dants.

The dosage of the active substance can vary within
wide limits and is, of course, fitted to the individual
requirements in each particular case. In general, in the
case of oral administration a dosage of about 0.1 to 20
mg/kg, preferably of about 0.5 to 4 mg/kg, per day can
be appropriate, although the upper limit just given can
also be exceeded if this should be found to be indicated.

The examples which follow further illustrate the
invention. The temperatures are in degrees Centigrade
unless otherwise stated.

EXAMPLE 1

A. Preparation of the starting material

(a) 15.35 g of (RS)-1-O-benzyl-3-O-trityiglycerol
(36.15 mmol) (Helv. Chim. Acta 65, 1982, 1059) were
dissolved in 75 mi of chloroform. There were added
thereto 10 mi of pyridine followed by 10.5 g of tosyl
chloride. The chloroform was removed by distillation
after 24 hours at room temperature. The residue was
taken up in 50 ml of pyridine. 10 ml of water and then
10 g of potassium bicarbonate were added thereto.
After distillation of the solvent the residue was taken up
in toluene, the solid portion was separated, the organic
phase was then shaken out with water, dried and evapo-
rated. The product crystallized from the melt upon
cooling, yield 95%, m.p. 98°-100° C.

(b) The (RS)-1-O-benzyl-2-O-tosyl-3-O-tritylglycerol
obtained was converted into (RS)-1-O-benzyl-2-deoxy-
2-azido-3-O-tritylglycerol by means of sodium azide in
dry dimethyl formamide while heating.

(c) A solution of the azide obtained in dry diethyl
ether was reduced by means of a suspension of lithium
aluminum hydride in dry diethyl ether to give (RS)-1-
O-benzyl-2-deoxy-2-amino-3-O-tritylglycerol, m.p.
67°-69° C.

(d) A solution of the amine obtained in dioxane was
converted with dilute hydrochloric acid into (RS)-1-O-
benzyl-2-deoxy-2-aminoglycerol hydrochloride, m.p.
148°-149° C.

(e) An aqueous solution of the hydrochloride ob-
tained is made alkaline with a sodium hydroxide solu-
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tion, the liberated amine is taken up in methylene chlo-
ride and the solvent is removed.

(f) 2 g of potassium carbonate in 3 mi of water were
added to a solution of 1.6 g of the resulting (RS)-1-O-
benzyl-2-deoxy-2-aminoglycerol (8.8 mmol) in 10 mli of
dichloromethane, 2 ml of acetic anhydride were then
added dropwise while stirring. After 1 hour, the reac-
tion mixture was worked-up. For purification, the com-
pound was chromatographed over silica gel with
ether/methanol (9:1). There were obtained 1.4 g of
(RS)-1-O-benzyl-2-deoxy-2-acetamidoglycerol as a lig-
uid (81% of theory).

(g) 2.1 g of stearoyl chloride in 5 ml of chloroform
were added dropwise to a solution of 1.4 g of (RS)-1-O-
benzyl-2-deoxy-2-acetamidoglycerol in 10 mi of chloro-
form and 1.5 ml of pyridine. After 1 hour at room tem-
perature, the mixture was worked-up. For purification,
the compound was chromatographed over silica gel
with dichloromethane/ether (1:1). After crystallization
from n-hexane, there were obtained 2.4 g of white crys-
tals (78% of theory), m.p. 65°-66° C.

(h) A solution of 1.5 g of the (RS)-1-O-stearoyl-2-
deoxy-2-acetamido-3-O-benzylglycerol obtained in 20
ml of tetrahydrofuran was hydrogenated in the pres-
ence of 0.5 g of 10% Pd-carbon under a slight hydro-
gen, overpressure. The (RS)-1-O-stearoyl-2-deoxy-2-
acetamidoglycerol was obtained in quantitative yield,
m.p. 89°-90° C. (from n-hexane).

(1) 0.4 g of 4-chlorobutyryl chloride (2.8 mmol) in 3
ml of chloroform was added dropwise in an ice-bath
with the exclusion of moisture to a solution of 1.1 g of
(RS)-1-O-stearoyl-2-deoxy-2-acetamidoglycerol  (2.75
mmol) in 20 ml of chloroform and 0.5 ml of triethylam-
ine. The reaction mixture was stirred for 2 hours. After
working-up, the (RS)-1-O-stearoyl-2-deoxy-2-
acetamido-3-O-(4-chlorobutyryl)glycerol was crystal-
lized from n-hexane. There were obtained 1.39 g of
white crystals (yield: quantitative). M.p. 51°-52° C.

B. Preparation of the Product

0.45 g of (RS)-1-O-stearoyl-2-deoxy-2-acetamido-3-
O-(4-chlorobutyryl)glycerol was treated with 2 ml of a
20% solution of trimethylamine in acetonitrile and re-
acted in a bomb-tube at 80° C. for 25 hours. For purifi-
cation, the compound was chromatographed on silica
gel with chloroform/methanol (7:3). There was ob-
tained 022 g of [3-[[(RS)-2-acetamido-3-[oc-
tadecanoyloxy]propoxy]carbonyl]propyl]trimethylam-
monium chloride (yield: 44% of theory), m.p. 205° C.

EXAMPLE 2
A. Preparation of the Starting Material

(a) A solution of 450 mg of (RS)-1-O-benzyl-2-deoxy-
2-aminoglycerol hydrochloride in methanol was treated
with a solution of potassium hydroxide in water. The
methanol was removed by distillation. Water and di-
chloromethane were added to the residue and the mix-
ture was treated with methyl chloroformate. There
were obtained 470 mg (95%) of (RS)-1-O-benzyl-2-
-deoxy-2-(1-methoxyformamido)glycerol as an oil.

(b) 0.45 g of (RS)-1-O-benzyl-2-deoxy-2-(1-methox-
yformamido)glycerol (1.88 mmol) was treated with 0.6
g of octadecyl isocyanate and the solution was heated to
90° C. for 1 hour. It was chromatographed on silica gel
with a mixture of toluene and ethyl acetate (4:1). After
crystallization from n-hexane, there was obtained 0.65 g
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of (RS)-1-O-benzyl-2-deoxy-2-(1-methoxyformamido)-
3-O-(octadecylcarbamoyl)glycerol, m.p. 65°-67" C.

(c) 4.9 g of (RS)-1-O-benzyl-2-deoxy-2-(1-methox-
yformamido)-3-O-(octadecylcarbamoyl)glycerol  dis-
solved in 75 ml of tetrahydrofuran were hydrogenated
in the presence of 1 g of 10% Pd-carbon at a slight
hydrogen overpressure. There were obtained 4.05 g of
(RS)-2-deoxy-2-(1-methoxyformamido)-1-O-octadecyl-
carbamoylglycerol, m.p. 86° C. (from n-hexane).

(d) 0.75 ml of 4-chlorobutyryl chloride (6.68 mmol) in
5 ml of chloroform was added dropwise on an ice-bath
with the exclusion of moisture to a solution of 2 g of
(RS)-2-deoxy-2-(1-methoxyformamido)-1-O-octadecyl-
carbamoylglycerol (4.5 mmol) in 20 ml of chloroform
and 0.7 ml of triethylamine. The reaction mixture was
stirred at room temperature for 2 hours. After working-
up, the reaction product was filtered on silica gel with
dichloromethane/ether (1:1). There were obtained 2.3 g
of (RS)-1-O-(4-chiorobutyryl)-2-deoxy-2-(1-methox-
yformamido)-3-O-(octadecylcarbamoyl)glycerol after
crystallization from n-hexane, m.p. 68°-70° C.

B. Preparation of the Product

Analogously to Example 1B, from 0.4 g of the chlo-
ride obtained under (A.d) there was prepared 0.31 g
(70% ) of [3-[[(RS)-2-(1-methoxyformamido)-3-(oc-
tadecylcarbamoyloxy)propoxyJcarbonyl]propyljtrime-
* thylammonium chloride, m.p. 200° C. (dec.).

EXAMPLE 3
A. Preparation of the Starting Material

A solution of 500 mg (1.4 mmol) of (RS)-2-O-methyl-
1-O-octadecylglycerol in 5 ml of dichloromethane was
treated at 0° C. with 2 ml (4 mmol) of a 20% solution of
phosgene in toluene. The mixture was then stirred with-
out cooling for 3 hours. The excess phosgene and di-
chloromethane were removed. Then, a solution of 300
mg (3.9 mmol) of 1-(2-hydroxyethyl)-piperidine in 10
ml of dichloromethane was reacted. After stirring for 2
hours, the solvent was evaporated. The residue was
chromatographed on silica gel. By elution with toluene-
ethyl acetate (1:1) and then with ethyl acetate, there
was obtained (RS)-2-O-methyl-1-O-octadecyl-3-O-[{2-
(1-piperidino)ethoxy]carbonyljglycerol, m.p. 34" C.

B. Preparation of the Product

A solution of 100 mg (0.195 mmol) of the product
obtained under 3A. in 5 ml of dichloromethane was
treated with 100 mg (0.7 mmol) of methyl iodide and
the mixture was left to stand at room temperature for 3
days. The solvent was evaporated and the residue was
percolated over a chloride-loaded anion exchange resin
with methanol-dichloromethane (4:1). The solvent was
evaporated and the residue was chromatographed on
silica gel. Elution with chloroform-methanol-water
(60:35:5) gave 1-[2-[[[(RS)-2-methoxy-3-(octadecylox-
y)propoxy]carbonyljoxylethylj-1-methylpiperidinium
chioride, m.p. 59° C.

EXAMPLE 4
A. Preparation of the Starting Material

(a) An aqueous potassium -hydroxide solution was
added to a solution of 0.9 g of (RS)-1-deoxy-1-amino-3-
O-benzylglycerol (5 mmol) in 20 ml of dichlorometh-
ane. A solution of 1.7 g of octadecyl chloroformate in
10 ml of dichloromethane was added dropwise to the
mixture while stirring. After stirring for 1 hour at room
temperature, the mixture was worked-up and the com-
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pound obtained was chromatographed on silica gel with
n-hexane/ether (1:1). After crystallization from n-hex-
ane, there were obtained 1.6 g of crystals, m.p. 58°-69°
C.

) 2 g of (RS)-1-O-benzyl-3-deoxy-3-[1-(oc-
tadecyloxy)formamido]glycerol were heated to 40° C.
for 2 hours with 2 ml of methyl isocyanate and 0.5 ml of

triethylamine. After removing the excess reagent, the
product was recrystallized from n-hexane and there
were thus obtained 2 g (89.3%) of (RS)-1-O-benzyl-3-
deoxy-3-[1-(octadecyloxy)formamido]-2-O-methylcar-
bamoylglycerol, m.p. 95°-96.5" C.

(c) (RS)-1-O-(4-Chlorobutyryl)-3-deoxy-3-[2-(oc-
tadecyloxy)formamido]-2-O-methylcarbamoylglycerol
was prepared via (RS)-3-deoxy-3-[1-(octadecyloxy)for-
mamido]-2-O-methylcarbamoylglycerol analogously to
Example (1A.h) and (1) |

B. Preparation of the Product

[3-[[(RS)-2-Methylcarbamoyloxy-3-[1-(octadecylox-
y)formamido]propoxylcarbonyl}propylltrimethylam-
monium chloride, m.p. >200° C., was prepared analo-
gously to Example 1B.

EXAMPLE 5
A. Preparation of the Starting Maternal

(a) 5 ml of epichlorohydrin were added dropwise
while cooling with a ice-bath to 30 ml of 1,4-butanediol
and 0.2 ml of BFj. Et»O. The mixture was left to react
at room temperature overnight. The excess butanediol
was firstly distilled and then 10 g (85%) of RS-1-chloro-
1-deoxy-3-O-(4-hydroxybutyl)glycerol were distilled as
a colorless liquid, b.p.: 110° C./0.1 mm Hg; IR (cm—1):
3360 (OH); 1124 (ether); 1058 (alcohol-II bands).

(b) The diol of (a) was reacted with trityl chloride in
pyridine. There was obtained RS-1-chloro-1-deoxy-3-
O-[4-(trityloxy)butyljglycerol as a viscous liquid, IR
(cm—1): 3554 (OH); 1596 and 1490 (aromatic); 1120
(ether); 1072 and 1032 (alcohol); 764, 746, 706, (mono-
subst. benzene).

(c) For the preparation of 1,2-epoxy-3-{4-(trityloxy)-
butoxy]propane, 4.85 g of the product of (b) were dis-
solved in 20 1 of tetrahydrofuran and reacted under
reflux with 2 g of potassium t-butylate. The product was
obtained in quantitative yield, IR (cm—!): 1596 and 1490
(aromatic); 1090 and 1073 (ether); 764, 747 and 706
(monosubst. benzene).

(d) The reaction of the epoxide of (c) with iso-
propylamine in a pressure flask at 70° C. for 8 hours
gave (RS)-3-deoxy-3-(isopropylamino)-1-O-[4-(tritylox-
y)butyl]glycerol in quantitative yield, IR (cm—1): 3380
and 3301 (OH and NH); 1597 and 1490 (aromatic); 1123
and 1074 (ether); 764, 746 and 706 (monosubst. ben-
Zene). |

(e) 2.4 g of the amine of (d) and 2 g of octadecyl
chloroformate in 20 ml of dichloromethane were stirred
at room temperature for 1 hour. in the presence of 2 ml
of 309% potassium hydroxide solution. The product was
chromatographed on silica gel with ether-chloroform-
pyridine (49.5:49.5:1). There were obtained 3.1 g (78%)
of a colorless liquid, IR (cm—1): 3421 (OH); 1696, 1669
and 1489 (aromatic); 1206 (ester); 1124 and 1074 (ether);
774, 764, 745 and 705 (monosubst. benzene).

(f) The reaction of the product of (¢) with methyl
isocyanate gave (RS)-1-deoxy-1-[N-isopropyl-1-(oc-
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tadecyloxy)formamide]-2-O-(methylcarbamoyl)-3-O-
[4-(trityloxy)butyl]glycerol as a colorless liquid.

(g) The product of (f) was reacted with aqueous hy-
drochloric acid in dioxan at 95° C. Chromatography on
silica gel with ethylacetate gave (RS)-1-deoxy-1-[N-1so-
propyl-1-(octadecyloxy)formamido]-3-O-(4-hydrox-
ybutyl)-2-O-(methylcarbamoyl)glycerol as a colorless
liquid, IR (cm—1!): 3353 and 3058 (NH and OH); 1702
(carbamate); 1539 (amide); 1255 (ester), 1120, 1095 and
1071 (alcohol and ether).

(h) The product of (g) was brominated with triphen-
ylphosphine dibromide in the presence of triethylamine
(stochiometric amounts). From 1.2 g of starting material
there was obtained, after chromatography on silica gel
with toluene-ethylacetate (1:1), 0.9 g (67%) of bromide
as a colorless liquid, IR (cm—1): 3356 (NH); 1702 (car-
bamate): 1530 (amide); 1251 (NH—CO); 1132 (ether).

B. Preparation of the Product

0.3 g of (RS)-1-O-(4-bromobutyl)-3-deoxy-3-[N-1s0-
propyl-3-(octacecyloxy)formamido]-2 -O-(methylcar-
bamoyl)glycerol was treated with 0.3 ml of thiazole and
the reaction mixture was held at 80° C. for 5 hours.
After removal of the excess reagent by distillation the
compound was purified on silica gel with chloroform-
/methanol (7:3). There was obtained 0.17 g (50%) of
3-[4-[(RS)-3-[N-isopropyl-1-(octadecyloxy)for-
mamido]-2-[(methylcarbamoyl)oxy]-propoxy]jbutyl]-
thiazolium bromide, MS: m/e=626 (M + of the cation).

EXAMPLE 6

0.4 g of the same starting material as in Example 5
was dissolved in 3 ml of tetrahydrofuran and treated
with 2 ml of a 20% triethylamine solution in tetrahydro-
furan. The mixture was left to react at 80° C. for 2 hrs.
in a pressure flask. For purification, filtration was car-
ried out over silica gel with chloroform-methanol (1:1).
There was obtained 0.42 g (96%) of [4-[(RS)-3-[N-iso-
propyl(1-octadecyloxy)formamido}-2-{(methylcar-
bamoyl)oxy]propoxy|butyl]trimethylammonium bro-
mide, MS: m/e=600 (M+ of the cation).

EXAMPLE 7
A. Preparation of the Starting Material

(a) Analogously to Example (5A.a), from epichloro-
hydrin and 4-benzyloxy-1-butanol there was obtained
(RS)-1-O-[4-(benzyloxy)butyl}-3-chloro-3-deoxy-
glycerol as a colorless liquid.

(b) 15 g of the product of (a) were taken up in 20 ml
of isopropylamine and reached at 80° C. for 6 hours. in
a pressure flask. The excess isoproylamine was then
removed by distillation. The hydrochloride formed was
precipitated with ether and discarded. There was ob-
tained . (RS)-1-O-[4-(benzyloxy)butyl]-3-deoxy-3-(iso-
propylamino)glycerol, IR (cm—1): 3302 (OH and NH);
1496 (aromatic); 1103 (ether and alcohol-II bands); 737
and 698 (monosubst. benzene).

(c) An organic phase consisting of 20 ml of dichloro-
methane, 5.9 g of the product of (b) and 6.65 g of oc-
 tadecylcarbamidoyl chloride was stirred for 2 hours.
with 5 ml of 30% potassium hydroxide solution. After
chromatography on silica gel with chloroform-ethy-
lacetate-toluene (1:1:1) there were obtained 7.9 g (67%)
of (RS)-3-O-[4-(benzyloxy)butyl}-1-deoxy-1 -(1-isopro-
pyl-3-octadecylureido) glycerol, MS (m/e): 72 (100%;
=NHCH(CHz3)2; 296 (2%; O=—=CNH—C,3H37).

(d) 3 ml of methyl isocyanate were added to a solu-
tion of 3 g of the product of (¢) in 5 ml of dichlorometh-
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ane and 0.5 ml of triethylamine. The mixture was left to
react at 40° C. for 5 hours. The product was purified on
silica gel with toluene-ethylacetate (1:1). There were
obtained 2.5 g (76%) of a wax-like compound, IR
(cm—!): 3340 (NH); 1707 (carbamate); 1634 (urea); 1541
(amide-II bands); 1101 (ether); 735, 697 (monosubstitu-
ted benzene).

(e) The catalytic hydrogenation of the product of (d)
over 10% palladium/carbon in tetrahydrofuran gave
(RS)-1-deoxy-3-0O-(4-hydroxybutyl)-1-(1-isopropyl-3-
octadecylureido)-2-O-(methylcarbamoyl)glycerol
quantitative yield, MS (m/e): 433 (100%;
CH;NHCOOQ); 558 (25%; M+H).

(f) The bromination of the product of (¢) was carried
out analogously to Example (SA.h). IR (cm—1): 3335
(NH); 2916 and 2849 (aliph. CH); 1694 (carbamate);
1623 (urea); 1556 and 1525 (amide-II bands and
CO—NH open).

in

M-

B. Preparation of the Product

0.17 g (5850%) of 3-[4-[(RS)-3-(1-1sopropyl-3-
octadecylureido)-2-[(methylcarbamoyl)oxy|propoxy}-
butyl]thiazolium bromide, MS (m/e): 625 (M~ of the
cation), was obtained from 0.3 g of (RS)-3-O-(4-
bromobutyl)-1-deoxy-1-(1-1sopropyl-3-
octadecylureido)-2-O-(methylcarbamoyl)glycerol and
thiazole analogously to Example 5B.

EXAMPLE 8

0.2 g of the same starting material as in Example 7
was taken up in 0.5 ml of N-methylimidazole. The mix-
ture was left to react at 80° C. for 30 minutes. After
distilling the excess reagent, the compound was crystal-
lized from methanol-ether. There was obtained 0.2 g
(889%) of 1-[4-[(RS)-3-(1-isopropyl-3-octadecylureido)-
2-[(methylcarbamoyl)oxy]propoxy]butyl]-3-
methylimidazolium bromide, MS (m/e): 622 (M + of the

"cation).

EXAMPLE 9
A. Preparation of the Starting Material

(a) A mixture of 6 g (20 mmol) of (RS)-1-O-(4-ben-
zyloxybutyl)-3-deoxy-3-isopropylaminoglycerol  and
6.66 g of octadecyl chloroformate in 50 ml of dichloro-
methane was stirred with 20 ml of 30% potassium hy-
droxide solution for 2 hours. After isolation of the prod-
uct from the organic phase and chromatography on
silica gel with toluene-ethyl acetate (4:1), there were
obtained 11 g (91.5%) of (RS)-1-O-(4-benzyloxybutyl)-
3-deoxy-3-(N-isopropyl-1-octadecyloxyformamido)-
glycerol, IR (cm—1): 3431 (OH), 1696 and 1670 (carba-
mate), 1119 (ether and alcohol-II bands); 734 and 697
(monosubst. benzene).

(b) 4.5 g of the product from (a) were esterified with
methyl chloroformate in the presence of pyridine to

give 3.8 g (80%) of (RS)-1-O-(4-benzyloxybutyl)-3-
deoxy-2-O-methoxycarbonyl-3-(N-1sopropyl-1-

octadecyloxyformamido)glycerol, IR (cm—!): 1751

(carbonate C—0), 1701 (carbamate C=—=0), 1266 (ester),
1101 (ether); 734 and 697 (monosubst. benzene).

(c) 3.65 g of the product from (b) were hydrogenated
over 10% palladium/carbon in tetrahydrofuran to give
3.1 g (949%) of (RS)-1-deoxy-3-O-(4-hydroxybutyi)-1-
(N-isopropyl-1-octadecyloxyformamido)-2-O-methox-
ycarbonylglycerol, m.p. 28° C.

(d) Analogously to Example SA.h., 2.9 g of the prod-
uct of (¢) were brominated to give 2.5 g (77.5%) of
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(RS)-1-O-(4-bromobutyl)-3-deoxy-3-(N-isopropyl-1-
octadecyloxyformamido)-2-O-methoxycarbonyl-
glycerol, IR (cm—1): 1751 (carbonate CO), 1700 (carba-
mate CO), 1266 (ester), OH bands missing.

B. Preparation of the Product

Analogously to Example 5B, 1.5 g of the product of
A.d were reacted with 1 ml of thiazole to give 1.45 g
(85%) of 3-[4-(RS)-3-(N-isopropyl-1-octadecyloxyfor-
mamido)-2-(methoxycarbonyloxy)propoxy]lbutyl]-
thiazolium bromide, m.p. 124°-125° C. (from a mixture
of 2 ml of acetone and 30 ml of ether).

EXAMPLE A

A compound of formula I can be used in a known 15
manner as the active substance for the preparation of
tablets of the following composition:

10

W

Per tablet

M

20

Active substance 200 mg
Microcrystalline cellulose 155 mg
Maize starch 25 mg
Talc 25 mg
Hydroxypropylmethylcellulose 20 mg

425 mg 25

W

EXAMPLE B

A compound of formula I can be used in a known 0
manner as the active substance for the preparation of
capsules of the following composition:

W

Per capsule

- 35

Active substance 100.0 mg
Maize starch 20.0 mg
Lactose 95.0 mg
Talc 4.5 mg
Magnesium stearate 0.3 mg
220.0 mg
40
We claim:
1. A compound of the formula
T i
R! R? RJ
wherein R! is —OCO—Z!, —OCOO—Z! or
—NO!I—CO—(AD,—Z!; Rz is OY? or —X-
2_CO—(A2),—Z% and R} is —X3T—(Cpe

alkylene)—N+R A-— in which one of X? and X5 is
oxygen and the other is oxygen or, if Rl is —OCO—Z!
or —OCO0O—2Z1, one of X2 and X3 is also NQ!, Y is
Ci¢-alkyl, Cj.¢-alkenyl, Ci.¢-cycloalkyl, Cs.4-
cycloalkenyl, phenyl, benzyl or 2-tetrahydropyranyl,
Al and A2 are oxygen or a group NQ?, n and p are the
integer 1 or 0, Z! is Cy.25-alkyl or Cs.25-alkenyl, Z2 is
C.s-alkyl, Cy.s-alkenyl, phenyl or, when AZis not oxy-
gen, Z2 is also hydrogen, T is carbonyl, COO or
CONQ?3 or, when X3 is oxygen, T is also methylene, Q,
Q2 and Q3 are hydrogen, Ci-4-alkyl, Cs.¢-cycloalkyl or
phenyl, A— is the anion of a strong acid, and —N*R 18
a 5- or 6-membered aromatic group attached to the
quaternary nitrogen, optionally with an additional het-
ero atom O, S or N, optionally with fused benzene and
optionally mono-substituted by alkyl or alkoxy with up
to 4 C-atoms, hydroxy, nitro, carbamoyl or ureido, with
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the proviso that at least one of R1, X2, X3, Al A2and T
contains a substituted N-atom or its hydrate.

2. A compound, in accordance with claim 1, wherein
R!is octadecanoyloxy, octadecyloxyformamido, N-iso-
propyloctadecyloxyformamido or  l-isopropyl-3-
octadecylureido.

3. A compound, in accordance with claim 2, wherein
R2is acetamido, methoxyformamido, methoxy, methyl-
carbamoyloxy or methoxycarbonyloxy.

4. A compound, in accordance with claim 3, wherein
R3is [4-(3-:thiazolio)~n-butoxy]bromide or [4-(3-methyl-
imidazolio-n-butoxy]bromide.

‘5. A compound, in accordance with claim 1, 3-[4-
[(RS)-3-[N-isopropyl-1-(octadecyloxy)formamido]-2-
[(methylcarbamoyl)oxy]propoxyjbutyl]thiazolium bro-
mide.

6. A compound, in accordance with claim 1, 3-[4-
[(RS)-3-(1-isopropyl-3-octadecylureido)-2-[(methylcar-
bamoyl)oxy]propoxy]butyljthiazolium bromide.

7. A compound, in accordance with claim 1, 3-[4-
(RS)-3-(N-isopropyl-1-octadecyloxyformamido)-2-(me-
thoxycarbonyloxy)propoxy]butyl]thiazolium bromide.

8. A compound, in accordance with claim 1, 1-[4-
[(RS)-3-(1-isopropyl-3-octadecylureido)-2-[(methylcar-
bamoyl)oxy]Jpropoxy]butyl]-3-methylimidazolium bro-
mide.

9. A pharmaceutical composition comprising a com-
pound of the formula

R! RZ R3

wherein R! is —OCO—2Z!, —OCOO—Z! or —NQ-
l_CO—(Al),—Z!; R? is OY2 or —X2—CO—(A2)-

- p—2Z% and R3 is —X3T—(Cy.¢-alkylene)—N+R A~ n
which one of X2 and X3 is oxygen and the other is oxy-

gen or, if Rlis —OCO—Z! or —0OCO0Q—2Z1, one of X2
and X3 is also NQ!, Y2 is Cj.¢-alkyl, Cz.¢-alkenyl, C3.¢-
cycloalkyl, Cs.s-cycloalkenyl, phenyl, benzyl or 2-tet-
rahydropyranyl, Al and A2are oxygen or a group NQ?,
n and p are the integer 1 or 0, Z! is Co.25-alkyl or Co.25-
alkenyl, Z2 is Ci.s-alkyl, Ca.s-alkenyl, phenyl or, when
A2 is not oxygen, Z2 is also hydrogen, T is carbonyl,
COO or CONQ3 or, when X3 is oxygen, T is also meth-
ylene, Q!, Q2 and Q3 are hydrogen, Cj4-alkyl, C3.6-
cycloalkyl or phenyl, A— is the anion of a strong acid,
and —N+R is a 5- or 6-membered aromatic group at-
tached to the quaternary nitrogen, optionally with an
additional hetero atom O, S or N, optionally with fused
benzene and optionally mono-substituted by alkyl or
alkoxy with up to 4 C-atoms, hydroxy, nitro, carbamoyl
or ureido, with the proviso that at least one of R!, X2,
X3, Al, A2 and T contains a substituted N-atom or 1ts
hydrate and an inert carrier material. -

10. A pharmaceutical composition, in accordance
with claim 9, wherein R! is octadecanoyloxy, oc-
tadecyloxyformamido, N-isopropyloctadecyloxytor-
mamido or l-isopropyl-3-octadecylureido.

11. A pharmaceutical composition, in accordance
with claim 10, wherein R2 is acetamido, methoxyfor-
mamido, methoxy, methylcarbamoyloxy or methox-
ycarbonyloxy.

.12. A pharmaceutical composition, in accordance
with claim 11, wherein R3 is [4-(3-thiazolio)-n-butoxy]-

bromide or [4-(3-methylimidazolio)-n-butoxy]bromide.
. X * * L
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